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Abstract of JP 2001250206 (A) 

PROBLEM TO BE SOLVED: To provide a magnetic 
random access memory device capable of write-in at 
low current and having an enhanced magnetic 
resistance change ratio. SOLUTION: In the magnetic 
random access memory device consisting of a 
memory cell array in which either an insulating 
material film 3 or a conductive material film is 
interposed between a first ferromagnetic material 
layer 1 whose magnetization direction is fixed and a 
second ferromagnetic material layer 2 whose 
magnetization direction is rotatable, only the first 
ferromagnetic material layer 1 whose magnetization 
direction is fixed is composed of a ferromagnetic 
material having a spin polarizing ratio of >=0.9. 
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k mi\::tT\tniO\n]mMm^j:m 2 (7)3S«tt#:JIt coral tffi 

T ^ ^ =3r 5 y ^' A r ^' -fe X ;'t ^ "J i5 1 ^ 
i t ^ i: t- -g. 9 > A T ^ -b X ^ ^ U SB . 

izm.^^mti>mw\ii3mm^sknrzzt i^mt-t^ 

[ WMA ] item 2 co3Satt#:S<7)a<b^tt*|ftl 

m\Lm-9,mj\^^^isn^ . mmm<DmnTLmzm 
ian^ mf. ±mm.^mmmi<zi.hm.n<m.\m 

\ sn, l< I H,o I 

I HyOff set I I I 

I (3"Hy +HyOffset I < I | 

{dU^ /H,o) + (Hyoffset /Hyo) <1 

(.?H, /H,o) + ( (^Hy +Hyo„,,t ) /H 

.0) ''^ >1 

^l>z\,^-rtii}^Tms&^^ tti,l-z^ JilB^ t U •fe/kTP- 

ft. mtsm^mimmiz i:^m^t mmmMi^-fv hse 

^tizj^mtfzmMmmm^^-ti^tirwmt^i. 
imm 3 ^ 4 tciewco^M^ y ^^'a r ^ -fex;^ ^ y 

[0001] 

U^S ( M a g n e t i c RandamAcc 

ess Memo r y : MRAM) (cP|-f-|,i><7)fS) 

•9. mz^ mM.&m^Mb^±^< thtti>izim^ 
^"s^^i-^^mi^z-thtzib <r)mmzi{m(^ ^ 1. urn 
^y^j>.T^^x^^^mm.i,zmt^hcox'h^. 



[0002] 

^Lfzwm.'& h v^ivm-timmzmmz'mmm-mM. 
[00 03 ] zcfM%yy^'j^Ti:^-tx^^ vmwizti 

(.Mtii. S. S. P. Parkin et.al., 

Journal of Applied Physic 
s, Vol. 85, P. 5828, 1999 #{©) . 
[0 0 04] ZZX\ H13^#BSLT. t^*<7)?fimtt 

mi 3 (a) mm 

mi 3 (a) (i, MRAMi01;^^y-b;P<7)ftB^S<Ji|S)t; 
HT'* "9 . WS i 2 ^«Titil 5 1 ±I,ZN i F e *<7)?g 
m^i^t^^^hyU- (free)JS52, AlO, b 
y^-;l^g^;i5 3. N i F e^c7)^Sg14#;:{)^A,^cSb°y 
H (pinned)ii54, M n F e ^t^i:>^^ 

Km-mim 5 5 ^mwmm^^^ tti^iz. Mirmmz 
MIL. ^miti^m^mmu[^. mh. m^tmmmm 
ttci>J:5 izKmm.'\tm 5 5 (c 1 t t > k 

EPT'*^) , ^(r)mit^^mjjf^izm(/^mM^^'-yh 

m57ft^. -jj. yu-ms 2mi>zm'timmi: 

[000511113 (b)#,^ 

>rc7)MRAIVIga(7)t;'>y h^I 5 7 t Ffl 5 6 tCfllBS 
Sr^o L , f U X±.xmiK$tlfzj< ^ y -teyWlS^ L , 
f>y h^5 imfV— H^5 6 ^gi[fT.I>«3StSH-f-|. 

S^5 8, 5 9^-^fi!tL/^-^^jS^(Cj:oT7y-a5 
2£7)a^^KiK$-li:J; -5 b°yKil5 

4 c7)#ji:^r6] 7 y -« 5 2 co'^il:^!*] t *^SW«SI 

[0006]EI13 (c) #ro 
-':tr. t°y FJi 5 4 [tn > 7 y -a 5 2 

fy b'«5 4C0Xby4^«g^SrPi , 7y-Jl5 
MR{i:, 

TMR=2Pi XP2 /(1-Pi XP2 ) 
xm.^i\h ^Uzt^'O^ itomSifiK^-ftJtTMRSrfiJ 
ffl LTieMftlg^M^ai^t iO-C*^ , 

[00 07] mui^ y y — s 5 2mf^y YM'SAt 
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^4 '5%-Ch^cr,x\ M^ffiin^Hl:JtTMR(i. 

TMR„^, =2X0. 45X0. 45 
= 0.4 0 5/0. 7 9 7 

= 0. 508 

i: 5r 0 , mi. 5 0 %cDmm&mcimAm^fih . 

[0 0 08] H14#H^— :^r. '<7)fll^MRAM|.C»$ 

(H, /H,o) + (H^ /H,o) =0 
[0009] 

[ 0 0 1 0 ] ^J;t{f , f-y ^IS^0X'<-xr>'F^^>- 
^e^S^ir^■^{i5 0~l 0 0 COe] 

[0011] .roii-^, y ^r;L'COiiffc7)4"i:^;^)^^> 
0 . 1 At mWxfz b- -7 KIStCfiin.-l.m^IT' 
50—1 00 COe] £0MI^Sr^±S-1i:j;-pi:-ri)i:, 
^S=5r«iI>?)^3~5mAi:^^:*^ i <7)J^c7)«iI^JK 
{i3--5Xl07 A/cm2 t^rD . Xl/^' hnv-^ 

p—i/ 3 yi^z^^^mwM^m^fzm^x'h 1 06 A/c 

m2 ^m.tm^b\-^hiVZ\-^^<7)'C. 0. l/zm:t-^' 
[0012] ®fl:?jST-»#3i^^^f 5 JtA6{c{i:. 

Km.^^h^w&.wmxh ^yv -mc^mmti ^ffirs 

c^)1fm-^^^x.^ixi,^\ i^-ftii,zLX . m^i^tLX 
cr)'\m^'^^t^'±X^^:^cr>X'.h'0. MRttcr>i&T. BP 

[0 0 13] tfz. MRJtSr«i6Sfc46|c{i, yO—M 

mm. Pi =P2 =ifc-r.sfc. tmr„,, {± 

[0014] L5t3ti^-:>T, 3|s^BJ{i. fi«iI-C«Sa^ 



(1-0. 45X0. 45) 



[0015] 

[^s*&»?*^i>^c*^<7^#g] 0 1 ii.*^0flc^Mae^ 

;i[Srj»i^l-rs^cAi7)^S^iiiB^.&« 'SrcB, 01 (a) 
tt. 1;^^ U-fe/l^fOW^fi^jf^fmilTSbD, Ell 

(b) {i. «^epjpii«^iStt/iilM7>rAr^'-bx 

H 1 ( a ) #M 

( 1 ) iSft^r^A^'ElSE^tL^cffil c^5Siie#: 

Jl 1 1 il'f[::tr[fti<?)[iilK/Oi'^tg^lg 2 c^5Satt#:Ji 2 1 o 

gtcfcv^T . ii-fi::^r6]^^"iassii^^^ 1 (^mm^wm 1 
tfo^s, xby^^n^^o^o. 9i:j.±.(^mmmtmx-mm. 

[0016] zcDm^z. m.it-)5\^tfim'&^titzmicr,'^ 

0 . 9 iJi±CD?i»l41^ ^stT-ffi^-r ^ >! t J: -5 T , 

il^H 2 2 5:;^ b y^^i-S^^^p^ 0 . 4 5 tfOV n° 

TMR„a, >2X0. 9X0. 45/(1-0. 9X 
0. 4 5) =1. 36 

b.mk<7^2. '5m^x:tt'rhzbti-^m^z^£h. 

[0017] ( 2 ) t/i. ±IB ( 1 ) tfev^ 

T , ?g^l::^r6]C0[l]|K*^'^tg^rl^ 2 t05S?Stt#:Jl 2 t L 

[0018] >ito«tc. ^^t,:^[S]c7)lilte>^)^iirtg^:lg2co 

2 , BP^i , :7 U -Jl t LT . X b 
0. 5JilTi05S®l4W*^^fflc-^l.^ttcJ;'5-C, ^#^r 

tz!^{z. y 'j~mcr)m.^m^^^^it^^xx\^y-^mm 

0 . 2 t LT i> , by KilcDX b>:})-WSr 1 i: Lf^ 

TMR„a, >2X1X0. 2/(1-1x0. 2) = 
0. 5 

fc. mkcr>hmm&h^tZh-h-^m\>z^j:t . 
[0019] tfz, :^Wm. ±12 ( 1 ) t-fzli ( 2 ) 

Kfc t . a'^l:^^^*^M^E$^^/im 1 ^mm^wm 1 i: 

tT. Fej O4 , NiMnSb. PtMnSb, Cr 
O2. ^tz\t. (La, Sr) MnOa (D^^^f^^m 
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\<^^Zb^^tL^^o aP*J. Fes O4 , NiMnS 
PtMnSb. CrOj . tfzl±^ (La, Sr) 

MnOs iixti^yj^mmtwimiThiiCOT. 
tmmtT M R ^ ± § < t- -g. .1 i; s I. , 

[ 0 0 2 0 ] la 1 ( b ) #M 

ms^v^i mmi^mco i ^^#x^^ ^ u ;>« * u /kr 

[002 1 ] ioatc. V- Vm4RW\::-y MS5 hfi 
[0022] ( 4 ) iti. :^mMi±. ±15 ( 3 ) tfcV^ 

mmm 7. s t j; § m^co&^mm-^mi&^i h 

/Offset Lj^^'h'^ 

I ^H, I < I H,o I 

I Hyoffset I ^ I I 

I ^ Hy +HyOffset I ^ I I 

i&H, /H.o) + (H.offset /H,„) <i 

/H,o) + ( (5-Hy +H,offset ) /H 
yo) >1 

copg^^jt^c^i b ^mib^i . 

[0023] iO«=&^f+Srjtfc-r^ b IZ^-oX'iz-y h 
I -^H, I < I H,o I 

I HyOffSet 1 < I HyO I 

I SHy +HyOffset I < I | 

{Sn, /H,o) + (Hycffset /HyO ) 2/5 <1 

idW, /H,o) + ( (5H, +H,o„3et > /H 

>-o) '^^ >1 

[0024] {5) ±fz. *%0J{±, ±ia ( 3 ) 4/c{± 

(4) \>zi5\,^x. m.^mmm7, 8.^^xmBt.tzi,i 



mmhliZ\^irixti^xm^-t^ bbUz. ;><^ y -fe/l^TP- 

ft, m-^Epjirtilf 7, Q^zi.hmMbmw^->vvmM 
t j; 0 Pfl t/-cl^0IE#^ff Eict- z b b-th. 

[00 25] m.^mmm7 . st i^m^ 

m-thZb t)^m.^Ztj: !> i t 4, , M R A M C7)^r(,g^3f,. 

<m.^<7ifm^Tm-thzbt)n'^h. ^^a. k-^eijjd 

«iS * W -5 T SJ* t T V> § PaKi . ;>< ^ y -tr ;P tm^3&^ Ep 
[0026] ^3t. 3^«HJ{i. ±iB ( 3 ) ( 5 ) i7) 

ttmv t y •/ 6 nmz—mcomm-mw 

Srfflv^l)**^, ;<'^'}-^)vy'u-/-^bmzmiLizT^'f 

i y^tth z b ti^x^ . ^tiizx -> X , mmmi\^t^ 

^W>,zt£^ i: i: 4> y -fe;K7)ti#gffi^B$P^&3l<' 

[0027] 

[*^BJto»S^offM] ^iT\ ll27b^ll4^#HSt 

T*%0Jcom 1 i^lliiS<^ff^SlOM R AMtfOP^Xg* Si 

m'h<r>m^m\mmx-hh . 

112 ( a ) 

i-r. MasBS^j^^Uci^y^yM^i lo^nts 
^m^^x^Wizn.^ifi.mut. o. 2/zm<7)y-b'ii 

SrffM-r-g./ii6<50CuSl 3, M-^if^ mUt^ 10 0 
nm<7)Tffiai^-I.WS H 1 4 , /f§*i. M;c«S\ 
5 n mcPON i F e :? y — jf 1 5 . Mf^ Jf^iiK Mx. 
{S\ 2. 0 nm<7)A 1 Wl S^iiiXitW^-lt-S. ^rfc, 
.r<7)«^<7)N i Fe^y-Jll StOfflfiici: tTti, 

[ 0 0 2 8 ] EI2 ( b ) #^ 

i*:v^T\ igfte#Ha4'T'A 1 s 1 6 ^mit-th zb{z 

i-sT. A lai 6^/¥§*i. ^J;t(f, *>;3. OnmtO 

A 10, ]-y^-)vmi7\,z-^mtt. zcnM-^cT) 

TAI2 O3 3:<ommy°T-cr,mfS.b^^6, 
[ 0 0 2 9 ] 02 ( c ) #93 

m^^'^hu\iiizmtmima^^^j:ti^h. A\o^ hy 

^-)l^mi7 ±l,zm^-^. mtH. 2 0nm<7)Fe3 O4 
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b°>Kiil 8. &t/. m^iiK mtli. 1 OOnmtOM 

[ftl^M n F eR5S»[4Jl 1 9 iZi-yXm^crymaUf^iZ 

[00 3 0] 113 (d) #BS 

J; -5 T . iS-^^^J -te/l-yn -y '7- hll 

:^ri^at;!:ffit>'S 9 Mi.i±\ o. 2MmX\ 

— xiti>^)io . 1 /imi7)^-(' yryvx^—x^-^^—yt)^ 

>2 OSrJfMU. .l^Ol-'i^.X 
^'->-2 0 2r-7:^:?i: fr^:tyS 'J V^^^Sfrf"; ^: 
j; . M n F e RgS^'ftJl 1 97^^N i F e 7 U -M 

1 5c7)Sffig|55rl^*LTflO . 2 Mm(?);<-9-4^X h 
7° 2 1 2rffMt-.5.. 

[003 1 ] 113 (e) #BS 

?I#MV^T. RIE (Rj£tt-<yr>'X.y^>'^-) ^Sfi-f- 
>Ii:tJ;'5-C, ffiaj-t-S-WS ii 1 4 S.u;'C u B 1 3 
^x-y^LT. Cuill 3:i&>/i>^§y-Hil2 2S:J^JjK 

[ 0 0 3 2 ] 03 ( f ) #SB 

1 (DBmi,z^-^ 3 t:mmti> , 

[ 0 0 3 3 ] 114 ( g ) 

<k\'^x\ wx/. x^^-y^vyi^m^m\'^x. ^mz. m 

[ 0 0 3 4 ] 114 ( h ) #{B 

114 {h)RX/ (i) im4 ( g ) ^90° ^m^-^tfz 

■•imi^-tmxhK), }!k^^x\ -^miiziy'Jxhim^ 
L, mye-mm'rh^tizj:'yx. ^^^u-^zji-ru^y 
^mmzii\.-^x. b'-y ^i^:^(^fIt^?s^xl,^l*i. mtif. 

0. 1 umcoy-( yTyYx^—x.'^^—y:^^^_>yk^u 

i/XhyN'^- — y2 5^J^Jj!cL. ^cO^i^'Xh^N"^' — y2 
5^VX^i: LTR lEim-t^bl,zX-yXCum2 4 
c7)ffmaB^x.y^y^l^tTb'-y hil2 6S:?^^^ 

[ 0 0 3 5 ] 114 ( i ) 
^^:i/^T\ -f:t>'5 Uy^^Jfi-r.! tfcioT, MnFe 
K^m^ 1 9:P;SN i F e 7 U-Jg 1 5 fOKttjaJ^ 1^ 
StTO. l/<mX0. 2//m<7)^ff^^:^c^OV\°^' — y^^^jij 
^r'&;>i^:U-fe;k2 7^?^Jj!ct/^cO*>. ^^^°^->- 
[0036] I15#BS 

05 (a) {i, ±iac7)aicMjtLfcMRAMc?)»[±eW 
HST^ 0 . 1 5t . 0 5 ( b ) >&iflSfct:WirH0-CS) 0 . 



;^ ^ y ^)VTv-{ ^m^-th^y^ ^ y •b;py a y 3 0 

O b' >y b Igat/f-y- H mi:. #J< ^ U -fe/Py n .y ^ 3 0 

<r>Wimzmw:i'mmn 2 8, 29 -^it^t- 1> b- -y hjs 

[00 37] CiD*-^. Ni Feyy-Jil 5<50Xby 
JjM^Vt ^0. 4 5. Fes Oiby h'Jil SCO^b 
yjjttm^y ^ 1 i: L/i«-&, amtni^^tJtTMRc^ 

TMRMax =2X1X0. 45/(1-1x0. 45) 
^ 1 . 6 3 6 

1 5: 0 . by KBh LT i.^N--eo-< $:fflV^fc*S-&tcJt 
. 3 fgl^LhtOMMffifit^-fbit I. >! i *>"STtgtc^ 

[0038] t.fz. m%'3-7m:^Wm:^f^A\.-fhfz}h 

iz. N iF eyv—mi 5cr,mmt^mm-ttti^i,z. 
AK^v*{±. cumcoT-m.m'S:mtuLx. nifc^ 

y-iii 5co«^:ft&ffiT§-ii:. ^cox^yj^mm^ 

TMR„aK =2X1X0. 2/(1-1X0. 2) 
= 0. 5 

x\ mmitizmLtzmf^t^^^ . 
[00 39] <!Kiz. me^mmLx. ^mm)m2cr,m 

mo-M 1 c^)m.mmmt^< nmxh i^x\ mmx. 
m(r>mmitmK^-t^. ^^i.me (a) ^^mcom 

2c^mM(^)BMcoMRAmcr,m±^^mMX'^ , t 

06 (b) {tm^Mmmmxh^. 

[ 0 0 4 0 ] 06 ( a ) RV^ ( b ) #Bg 

Jiiso^ 1 <Dmm<nmm. t nm^^zmM t^iMRAM^ia 

{t^i^Uny»«l 1 ^^^fmL3 l±.i,z'7^yv^t 

1 1 1> . 'J n ymu 1 1 sOiBSStc— 3 
2, 3 3^«S:i^*/5^A.^rSMg|3«3 4WSt-|=J;5(c|S 
ftl.t^:i>tc, MSI5W3 4^:frL-CfCfc^*>^>^-l>«m 

YM. 3 5 *^(t?t t <r>X'h 0 . 3 
2, 3 3i:^i— /PKK3 5ttcJ;oT, #;^^y-fe 
yk^n 'y ^' 3 0 (C*tt-|.:t7-b 'y b^^H^off set 

[0041] '<50JS-^. :>t.^^J-^)VT]y^ l,zn-^h:^y 

-te'y h^^H,offset ^OEPJirSrf^*^ ^yi-^^)^)Vcr)m. 
imWi^ H, tC^I> i d t;:. yT<Aa5 3 2, 3 3 ^SE 

[0042] 07#EfS 

Xt-u-^ \imB.X'M ^ mi/Z^-tkoliZ^ y<^^)-^)V<7^ 



!(6) 001-250206 (P2001-250206A) 



yo) >1 

SriH/t-r i 0 I^Z-ttLitM^-^COT. :t -y b^^H 

yOffaet &:^#<Wf^H, ^tX^H, < "T-g. 

[0043] I18#B1 

HSti:. 0. l//mX0. 2/xinXO. 0 2 juLmCOWJj 
#:C0;'< ^ ij N i F e 7 U -ii/iJ^i^ 0 . 

mi^tc j;-5TRlK$-y:J: 3 t Lfz^^(r>m.imm.\.zm-t 

iiZHV^X, a^a^^fal^ Ins (i~yfi^= 1 0 0 Ob° 

X mfmimmj\P\(m.^8'tiyti,f.zmso coe] 

[0044] t*^ L , 2|s:%Bj<7)^ 2 commmmcom 
iz. m-h. m^mmumiz4o coe] 

m^2o coe ] iOii-^-ct 1 n s i:xrT<^Km^'^m 
izy^6cr>Tzcommim9t:m^Lrmmt^. 

m9i,±. :t:7-fe-/ h?ai?H,o„,,t *-4 0 coe ] tc-r 

-g. 1 1 1 . b V Mltc^^I-r«S I w s .S.t^"'7- K^StJl 

[ 0 0 4 5 ] 129 ( a ) Rt/ ( b ) #re 
^7-b-y hJl#HyOffset 2r4 0 COe] tL. V-F 
i^at^b'^y h^tcS-t«SESr 0 , fip-fe. I = I = 0 

tLfc*i^, 119 (a) ^ZT^tioizyv-mc^mm^ 

KIE&t^b -y Mg(Ci.i-r«?)iE& 1 mA. SP*>, I = I 
H, =<5-H^ =20 COeD h^O. Ins X-^m.-)]^ 
[ 0 0 4 6 ] 09 ( b ) mf ( c ) #H1 

}$:^^x\ v-FSSst>'b'-y Mgcs-r«g£Sro. ap-^. 

[ 0 0 4 7 ] 119 ( c ) RU ( d ) #Hg 

v^V^-C-\ V-KIStc 1 mAi03£^r[6]m?IicM-f-a i: 
IZ^ \i'y hmzimACOmm.^ijt.Lfzm-^. aP^, Iwx 
= -lmA. I„y= ImAt Lfc*-^. 09 ( d ) (Cii^ 



[0 04 8] H9 (e ) #Bg 

— ^r. imtR(^:^'tO-*^Mzi3\^Xii. l„,= lmA, 
I wy = 0mA^V){± I = 0mA, I ^,y = 1 mAiZ^6 

t^t"V^Ini = lmA, lHy=0mAJ©^t*5V>'ri>. 
i!'-^r< h 9 9 n s cdPbI, ^Jfctr|6]{±KiE-li:T, ffi 

[0049] ^cr>m,-^£']m-^^-tfzmz\i^ y 

I I < I H,o I 

/H,o) + (Hyoff.et /Hyo) <1 

/H,o) 2/3 + ( (^THy +Hyo„3,t ) /H 

yo) >1 

ff:>m{^^mfz't^tt^'Zm:Xh 0 . ±(:o4oco5t;{i^^s 

atOj^aSJR t f^;^ ^ U -b;Pt'» § 3.0^fr , 
[00 50] ZcrM^^Z^ if%mo:)m2crMmmm^zii. 

\^xii. yo -mc^m^mmum ^z^Ams i^zx-ox^ 
[00 5 1 ] m 1 0 Sr#MiLT. ^wmmsco 
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